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'. When a long cylindrical pencil fl-oats on ~ter,. its 
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ldngitudinlil./a.:tl.s is parallel· to the water su;face.· HoweveJ', ·a 
. . 
. sil~er .dollar floating on me.rcury, o_r a thin circular slice 
' . 
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.. ,,.. 
.. from a wax qandle floating on. water, have their axes perpendicular 
r::r,. to· the liqt1id surface. The different positions of the axis with 
reference to the liquid surface apparently depends on the length I \ 
to diameter ratio of the .floating object and the. ratio of density 
of the body ~d the supporting liquid. . •. -4'- .... . .. ...... -· - . . ... . 
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the three kinds of equilib~ium of a body. A body· is ,in stable b ' ~ ' 
equilibrium., when if slightly di~pla~ed it r~tums to -that position • 
.... --- . 
1Alheµ a slight_ displacement or··1"'the body initiates a finite, 
displacement of ·it then .the equil~brium is unstable~ If thf/ body,. 
. "' ;. . 
. ;,L. 
. '; ... , 
~--~' 
remains in.the displaced'position th~_equilibrium is ne\ltral. 
/- ... 
. -~ 
J 
,· . ,., · .. -· .,-~· 
For a body to float stably two ,equilibrium condit,ions . ' . 
. . . . 
.. ·, . 
.· and ___ :~~e stability conqition· mµat•pe. ~satisfied·. 
,. 
....., . '·" 
. . . 
, . ..,. )•,,\ ,..,..,,:, ,,•_;;-w•,.-> .,,,.-,~--·~•-·•,• ,,n,,c,~.-~ .. ~--•·;,..,, •• ,:.,,.,.'h,·\/ h~~k•n;., .. ,,.-,·,;·.»·'"°'''''•'' '• ,,, .. ., ... ·,~ 
.. 
,, *, Sup~rscri.pt-numerals refer_. t,he ·reader "·to th~ bibliography at the 
· end Of the thesis. ~.·····~. · ·· ~, · .. · • ·. · · ~ · ,. .( · '. -._-.· ~- -·-· ---.~'"-_:-..., .,' 
................. 
. ' 
. . 
'· 
.. 
' .. 
s -~-- .. -- - ' 
. { J . '-·"' 
·ii 
. ". 
~---....,_·--- .. 
,, ,1. 
(l, 
. 
-~ ~-·--- ---~~-
-
,. . '~ '~. . 
• 
.. \_, 
. ~. - ' 
. "· 
''"· ' 
., 
-2 
,.. WI 'f \: 1 I~ lM•,.,_ '• 
. .· .. 
. 
>. 
r·~.,. .... , 
• I 
:.-",:<:--,. -·, .. 
·, -, 
.,.. 
, . J 
... ' 
. ., 
., •. t ')J: -·.: 
-· . I 
. I 
' .. , . 
.... . . 
... 
. • J ' 
. .·~. '?, IAJA1J;,,1.,11 .,.,, ... 
~ .':- :Sr.t ~·- :'' ... ".:: 
• ~ ...... :, 
~ .• 
• . . -----:,. • ..,~. 
.;,J . • ' 
... 
.. -,...'~~ .. , / .-
. . ;/. i 
""Ir I . 
,·r.1''' 
\j 
··-\ 
. . :'.·.····--- ~ .. 
~-- , • 
·,t • 
. .;~ 
J 
. ., 
... 
. , .. 
t . '' 
·• ---- -~---..:--.~----'---·-:::: ...... -----------
.. 
. . . . . " . 
- - - -····-· .. - --- - --~---,-,---- - - - - - . - -- - - ... - - - .. ---- -·- -.. ·-
- .. -- - ·--· - ~----·- ---- . - - - -
> 
,-. 
\ ' 
i·._.·. 
., 
.,~.. " ' . 
r -.. -- -
,':.: 
- ;_:'-·--:"' -- - -· -- , __ --- J,_ - -:··.-------~e--,first, ,· conditiun for equilibrium wa_s stated by · 
' ' . r • •. ) 
--~~edes as PropOsi tion 5 · Or ~n Floating Bo~es, . Boole I: ( 2) - -. 
~ 
-. ., 
' . 
, . Any. solid l1ghter than a nuid tr.ill, if placed . 
in. ttie -~uid, be so far immersed that the· ~eight of the _- . 
solid will be equal to tqe weight or· the fluid displac·ed •. -... '" ... · -
. 
. ... !_, 
,• 
. ' 
r·~ . 
7 
,':['he second equilibri~ c,oridition:, .that the buoyant force 
arid the ~ight. shall- act on th~ same vertical line, wa_s not stated· 
' il' •·'./ 
.'. 
... ,._ .\ 
-, 
,, . 
/: 
__ .(._ .. 
. :.:.·: ,. 
,. 
' 
- -,~' . ..,, __ ---- - -- - -·- - _,,,_:,~ ... -·:....-
by !rchimedes • Th8.t he knew of this. condition is evi'dent from his , ,, 
. 
. 
. 
. ' 
.-investigations. of the equilibrium positions of a paraboloid of 
-
. 
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The· condition that the equilibrium be st.able had among 
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-·-.its earliest formulations those of Bouguer, , Euler, and Dupin. 
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Bouguer (4) in TraitJ de Navi;e (1746) introduced the 
·-.~ / the~ry of metacentric stabi:lity. ·He used the word metacenter to 
.describe the .limit point·above·which the center.;of gra:V:i.ty of 
· a ship. could. not rise without the -ship capsizing. Still used by 
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naval ~rchitects is __ hi$ integral formula for -finding the loeation 
of the metacenter. 
\ 
··. · In 1773 Euler (5) published.his Th~rie Conpl~te d8 la 
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For s_tability of eq11ilibrium 'the met~center mus~ lie ·above 
the body'~ center of gravity.· If _not, a couple tending· to overturn 
the body will be formed· by the weight and the buoyant ·force. 
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Although Dupiri' derived. mathematical expressions for the0 
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meta~entri.c height and stabili t.y, Thomson and Tait (7) presented 
· cl~arer statem~nts and more elegant· proofs for the formulae •. ,.,. 
. 
. 
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.~ Figure 2· shows the possible· stable floating positions 
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for the cyli~der with density ratio n' = 0 .6 • While the·· dra:rlngs 
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. ' .NOTATION FOR INTEGRALS ~ 
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Ce~ain integr~~ recur in the analysis ·and have been given 
a shortened·notation ·tor convenience. 
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r ~ Numerical values of these functions are found in Table 3, 
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on the ''next page. 
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Appendix Three_· 
--. , STABILITY LIMITS FOR.CASE IV 
. ' . ,., 
,ia,If the fiuid surface intersects a base and a lateral . 
surf ace, .. ( Case IV) . the stabilit,y condition is that ' 
1,.:,.· ... 
[. 1! ...;C2 ~ Bl l ~· l ·-"(F2" + °!J > 0 8 [ _ 11 f _sin , ~ 8 · 
. - . 2. 2 f _. 
When values of !f 2 are· substituted t~e .equation_ will specify the· ,- ; 
., 
;~.:i~ 
' '. 
· •. values of tl?e ihclin,atory angle f for which the 8quilibrlU,,l'li is . · ··~ .~- -~·-
:'t 
stable. 
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limits ·foJr the ·Case -IV is plotted in figtu=e J. The·.i stability -~~t .... ,v}., .............. ,· ..... , ..... : ............. " .••. :.:.: ...... :.: .............. : .... .. 
. . .. . ~ .. . . 
:. - ::' -
curve is tangent tot~the. contour. lines of constant f values. 
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~; INTERMEDIATE UNSTABLE EQUILIBRIUM POSITIONS . . t • . 
,, . 
... 
. I 
For c·ertain condit'ions·two ·st~ble equilibrium-positi·ons with . 
.. '···-··· ... 
. ,,_ 
different incli11;atory angles· of. axis to liquid surface are possible. ! . 
t 
.... 
- There must exist one-·unst~ble ·equilibrium position with in6linatory .· · ·· 
• 
r I" 
.. : · "anffle f ,intermediate to thEl ~ormer _'t;.wo poSitions.C9) 
. An example is the region to the left of ·the curves j' • o0 
I 
and 1/ • 906 shown in figure 3: In this region the cylinder may 
·rtoat either 'With axis vertical or horizontal. The intermediate 
posi ti·on for any length-diameter_. ;r_~tio and denstty ratio is found 
. I . . -- ..... ---
from -the equilibrium conditions for.the cylinder floating so that the •·::,,.• .... , . 
. 
. ... .,,.,,.. I 
. 
fluid surface intersects a base and a lateral 1, surface (Case .IV) • 
. ~ / r .. 
..,. .'-., 
. . .(."· 
,,/ . Three interr,iediate inclinatory ang:Le curves are plotte<;I in figure, J •. 
. . 
" . 'I'hese curves are all for unstable positions because,. as ahow11-in 
. - ·.;- ..... -,. - - --
' --.APP8lldi;x Three,_ the angie f iS greater than t~at allowed for stabil.TIY 
~ 
in_ that ~egion. 
.. 
..... 
· That Case IV is the only possible equtlibrium positio_n is 
seen from the-.fact that for- the other two general Cases (numbers 
~--
' 9 ' 
II and VI) the cunes for f constant are asymptotic to ,and lie to :'he 
I. : 0 . ·, 
rig!'it of the curves f • 0 and f = 90° • · Eg.uiangular curves for 
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. . 
Case.IV are'the ~nly ones that enter-.the regiOn of tWo Stable 
positions. ' ;, 
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